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(54) Power control method and apparatus for satellite based telecommunications system 



(57) A power control method and apparatus are pro- 
vided for a satellite based telecommunications system. 
The system includes a power control subsystem which 
is operative with systems operations center for distribut- 
ing available satellite power between earth stations. 
Each earth station includes a baseband manager which 
subdivides the available satellite power between sub- 
band beams emitted from the satellite. The earth station 
further includes beam processors which manage the 
power allocated to each subband within an associated 
beam in order to maintain a desired signal quality in a 
fonward link between the satellite and user terminals 
within the associated subbands. The beam processors 
communicate with modems, each of which is assigned 
to a particular user terminal. Each modem controls the 
satellites transmission power in the fonward link to the 
user terminals to maintain a desired signal-to-noise 
ratio at the user terminal receiver. The signal-to-noise 
ratio is determined by the corresponding beam proces- 
sor. The subsystem further provides a dynamic power 
control loop between user terminals in the forward and 
return links to maintain a desired signal quality. The 
subsystem automatically controls the satellite output 
power level to ensure proper power emission by a satel- 
lite in connection with feeder links from multiple earth 
stations. 
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OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
power control subsystem for a satellite based telecom- 
munications system which optimally allocates power 
among earth stations with respect to conresponding 
coverage satellites. 

It is a further object of the present invention to 
ensure that the earth stations, satellites and user termi- 
nals operate within federally nrandated power flux den- 
sity limits (PFD limits). 

It is a further object of the present invention to pro- 
vide an adjustable quality of service within forward and 
return communications links between earth stations and 
user terminals 

It is a corollary object of the present invention to 
enable the quality of service to be adjusted based on 
satellite loading, user position within the satellite's field 
of view, the fonward link signal-to-noise ratio and termi- 
nal type. 

It is yet a further object of the present invention to 
ensure that the power control subsystem nraintains opti- 
mal control when satellite power usage approaches 
maximum power limits. 

It is yet a further object of the present invention to 
initiate handover operations between beams and/or sat- 
ellites to optimize satellite power load management 

It is anottier object of the present invention to pro- 
vide an aggregate power control subsystem which dis- 
tributes satellite RF signal power resources between 
multiple earth stations in such a way tiiat the amplifiers 
driving the satellite-to-user transmitters are operated at 
a desired point witiiin a nonlinear operating range to 
avoid signal distortion. 

It is a further object of tiie present invention to pro- 
vide a two-way user-level dynamic power control sys- 
tem which adjusts power transmitted to and from an 
individual user terminal to maintain a desired signal 
quality at tiie user terminal and at the earth station. 

Anotiier object of the present invention is to pro- 
vide, automatic level control of the earth station trans- 
mission power (EIRP) and receive feeder link power at 
the satellite. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a block diagram of a satellite based 
telecommunications system according to ttie prefen-ed 
embodiment of tiie present invention. 

Fig. 2A illustrates a block diagram of an earth sta- 
tion of a preferred embodiment of the present invention. 

Fig, 28 illustrates a detailed block diagram of the 
baseband manager and beam processor accorcfing to a 
prefen-ed embodiment of the present invention. 

Figs. 3A-3C illustrate the processing sequence fol- 
lowed by the satellite power manager of ttie preferred 
embodiment of the present invention. 

Fig. 4 Illustrates a more detailed block diagram of 
the beam processor of the preferred embodiment of the 



present invention. 

Rgs. 5A and 58 illustrate the processing sequence 
carried out by the beam processor of Fig. 4 according to 
the preferred embodiment of the present invention. 
5 Rg. 6 illustrates a fonfvard link power control loop 
between an earth station and a user terminal according 
to the prefen-ed embodiment of the present invention. 

Rg. 7 illustrates a return link power control loop 
according to a pr^erred embodiment of tiie present 
10 invention. 

Rg. 8 illustrates an automatic level controller car- 
ried out according to the preferred embodiment of the 
present invention. 

Figs. 9A and 9B illustrate exemplary RF signals 
15 fransmitted in connection with the power level controller 
of Fig. 8 according to tiie prefered embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
20 EMBODIMENTS 

Fig. 1 generally iHustrates a satellite based tele- 
communications system representative of a preferred 
embodiment The system includes a plurality of user ter- 

25 minals 1 0 which communicate with corresponding earth 
stations 16 via coverage satellites 12. Each user termi- 
nal comnuinicates with its assigned eartti station via a 
unique communications channel. A channel includes a 
fbnward link from the eartti station to ttie user terminal 

30 and a return link from the user terminal to ttie earth sta- 
tion. Each fbnward and return link is furtiier divided into 
an earth station-to-satellite section and a usertemiinal- 
to-sateirrte section. Each channel can-ies RF signals 
within a preassigned subband having a central carrier 

35 frequency. Each satellite divides its coverage area (e.g.. 
field of view) Into multiple beam spots. Each beam spot 
may support one or more subbands. Thus, the earner 
frequency of a particular channel Is dependent upon the 
beam spot covering the user terminal. Fig. 1 illustrates 

40 an exemplary implementation of this communications 
archttectura 

As illustrated in Rg. 1 . satellite 30 divides its cover- 
age area into three beam spots, the boundaries of 
which are defined by dashed lines 32-35. Seam spot 36 

45 covers a first group of user terminals, white beam spot 
38 covers a second group of user terminals. Terminals 
40 and 42 communicate along channels 44 and 46, 
respectively, witti eartii station 28. Channel 44 includes 
a fonvard link 48 and a return link 50. The satellite 30 

so relays RF signals along channels 44 and 46 to the earth 
station 28. 

Satellite 31 similarly includes multiple beam spots 
48 and 50 which support communications between 
earth station 29 and user tenrtinal 52. User terminal 52 
55 communicates along channel 56 which includes a for- 
ward link 58 and a retum link 60. As ^own by channel 
62, earth station 28 may also communicate with user 
temninals (i.e., terminal 54) which are covered by satel- 
lite 31. Earth station 28 connmunicates witii user termi- 
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The SOC 20 informs each earth station 28 and 29 
of the available satellite power which may be used in 
connection with user terminals assigned to the earth 
station. For instance, the SOC 20 may Inform earth sta- 
tion 28 that it may distribute 500 watts between the 5 
beams/subbands of satellite 30 which are assigned to 
the earth station 28, and 200 watts among the 
beams/sul^ands of satellite 31 which are assigned to 
earth station 28. Thus, earths station 28 may instruct 
satellite 30 to transmit up to 500 watts of transmission 10 
power within the subbands assigned to earth station 28. 
Similarly, the earth station 28 may instruct satellite 31 to 
transit up to 200 watts of power in the beams/subbands 
assigned to earth station 28. In addition, the SOC 20 
may inform each earth station of a maximum power limit 75 
which may be transmitted by each satellite per subband 
per beam spot. This power limit is determined by the 
SOC 20 in order to ensure that the overall system does 
not exceed the power flux density regulatory require- 
ments as established by the Federal Communications 20 
Commission. 

Upon receiving the satellite power allocations and 
regulatory limits from the SOC 20, each earth station 
thereafter independently controls the power levels of RF 
signals transmitted by satellites to each user terminal. 25 
As explained below, the baseband managers 150 in the 
earth stations distribute satellite transmission power 
among the predicted channels without exceeding the 
subband regulatory power limits and the satellite's avail- 
able power assigned to the corresponding earth station. 30 

Throughout operation, each earth station provides 
power demand feedback information to the SOC 20 
which is used to update the power allocation among the 
earth stations. By way of example, the feedback infor- 
mation may include the total power required of the sat- 3S 
ellite to maintain communications links with minimum 
signal quality. In this manner, the SOC 20 monitors the 
actual and required satellite power usage relative to 
ideal operating power levels. The SOC 20 periodically 
updates the satellite power allocations to each earth 40 
station based on feedback information from the earth 
stations concerning loads and required satellite trans- 
mitter operating power levels. 

Optionally, a mobile link test module 24 may be pro- 
vided for measuring a satellite transmitter operating 45 
level. The test module 24 communicates measurements 
directed to the SOC 20. Alternatively, or in addition, a 
telemetry channel may be maintained between the sat- 
ellite and each associated earth station. When the 
telemetry channel is used, the satellite may telemeter so 
transmission operating information to the earth station 
which in turn relays it to the SOC 20. The SOC 20 in 
turn utilizes the telemetered satdlite operating infonma- 
tion while updating the power eillocations. 

Each earth station estimates its cunrent total satel- 55 
lite power usage relative to the allocated power. Each 
earth station estimates and controls its satellite power 
usage per subband per beam relative to the regulatory 
power limits provided by the SOC 20. Each earth station 



performs user level power control and dynamic fade 
margin adjustments for each user (as explained below). 
Periodically, the earth stations report total satellite 
power usage, along with power usage per subband per 
beam for each associated satellite. 

Tuming to Fig. 2A, an earth station 28 is illustrated 
in more detail. The earth station includes a baseband 
manager 1 50, a plurality of beam processors 1 52, and a 
plurality of modems 154. Each beam processor oper- 
ates in connection with an assigned beam emitted by 
the satellite. Each beam processor includes one or 
more subband power managers 156 which manage 
power distribution among the sut^bands in the associ- 
ated beam. Each subband power manager 156 commu- 
nicates with a plurality of modems 154. Each modem 
154 operates in connection with a single channel 
assigned to a particular user terminal. Each subband 
power manager 156 communicates with all of the 
modems 154 which support channels in a single con*e- 
sponding subband. Each modem 154 includes a for- 
ward link power controller 160 which controls the power 
emitted by the satellite within the subband con'espond- 
ing to the channel assigned to the modem 154. Each 
modem 154 includes a modulator 162 and a demodula- 
tor 164 for modulating and demodulating RF signals 
transmitted from and received by the earth station in 
connection with the associated channel. The RF signals 
emitted by modulators 162 within modems 154 corre- 
sponding to a single sut)band are combined at a sum- 
mer 166 prior to transmission to form a composite RF 
signal for the subband. The composite RF signals are 
transmitted along with a reference tone (explained 
below). 

The baseband manager 150 includes a satellite 
power manager 158 and beam load manager 161 which 
operates according to the flow process illustrated in 
Figs. 3A-3C to control power distribution among beams 
transmitted by the satellite to user terminals assigned to 
the earth station. 

Rg. 2B illustrates the interconnection between the 
baseband manager 150 and a beam processor 152 in 
more detail. The satellite power manager 158 receives 
the total satellite power allocation for the earth station 
from the SOC. The satellite power manager 158 also 
receives the number of expected channels to be 
assigned to the eartii station per beam of the associ- 
ated satellite. The satellite power manager 158 
receives, as feedback, the difference between the 
required and allocated total power per subband for each 
beam from the beam processor 1 52. The satellite power 
manager 158 communicates with the data base . 153 
which may store PFD limits downloadable from the 
SOC. The PFD limits may be accessed by geographic 
region and carrier frequency which are dependent upon 
the satellite's current position and the beam of interest. 
Referring to Rg. 3A. the satellite power manager 158 
obtains (step 170) tiie total available satellite power 
from the SOC 20. At step 172, the satellite power man- 
ager 158 chains tiie subband PFD limits and at step 
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calculation module 157 combines the required SNR 
value, SNR variance and fade margin to generate a new 
required SNR value for the forward link (FL) with the cur- 
rent user terminal. This required FL SNR value is sup- 
plied to the modem control module 1 59. 5 

Figs. 5A and 5B illustrate the processing sequence 
can-ied out by the subband power manager 156. Initially, 
modem controller 159 obtains the subband power allo- 
cation from the satellite power ntanager 1 58 for the cur- 
rent subband (step 200). At step 202. the SNR io 
calculation module 157 calculates the required SNR 
value as desaibed above. The modem controller 159 
outputs the desired SNR value to the modem 1 54 corre- 
sponding to the current channel within the cun-ent sub- 
band. The modem controller 159 also outputs the power is 
limit which may not be exceeded by the modem. The 
modem 154 drives the satellite to emit sufficient power 
in the fonward link to establish the desired SNR value at 
the user terminal. The modem thereafter returns the 
power level required of the satellite to achieve the 20 
desired SNR value. The modem controller 159 receives 
feedback information from all of the modems corre- 
sponding to the current subband and determines the 
total required power of the current subband to achieve 
the desired SN R values for each channel within the cur- 2S 
rent subband. The modem controller 159 then deter- 
mines whether the allocated power for the current 
subband exceeds or is less than the total power 
required to achieve the desired SNR values for each 
active channel within the subband. The modem control- 30 
ler 159 distributes this excess power by determining a 
desired fonvard link (FL) SNR value for each user termi- 
nal. The desired FL-SNR value represents the SNR 
level to be maintained by each modem for the fonward 
link of the associated channel. The modem controller 35 
159 calculates the desired SNR level for the current 
modem based on the associated user terminal's desired 
FL-SNR value and the excess power available (step 206 
in Fig. 5A). The modem controller 159 outputs the 
desired FL-SNR value and outputs the maximum power 40 
level to which the modem may drive the satellite trans- 
mitter for the associated channel. 

As explained below, each modem 1 54 continuously 
adjusts the output power of its associated channel to 
maintain the desired received SNR value in the pres- 45 
ence of beam spot motion and user motion. Thereafter, 
the modem retums. to the modem controller 159, the 
fonward link satellite output power level emitted in the 
cun-ent channel by the satellite. At step 208. the modem 
controller 159 combines FL required modem power lev- so 
els returned from each modem for a subband to deter- 
mine the total subband power. The modem controller 
159 obtains a difference between the required FL sub- 
band power and the available FL subband power allot- 
ted by the baseband manager and returns a difference ss 
power level to the satellite power manager 158 (step 
210). The subband power difference represents the dif- 
ference between the available sut)band power, as pro- 
vided by the baseband nmnager, and the required 
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subband power, as determined by the feedback, from 
the modems for the current subband. 

Tuming to Rg. 5B. once the subband power differ- 
ence is calculated at step 210, flow passes to st^ 212 
at which the controller 157 detemiines whether the allo- 
cate subband pow©r exceeds the required subband 
power. If so, the excess power is distr33uted among the 
modems in a desired manner (step 214). In addition, 
this excess is reported back to the satellite power man- 
ager 1 58. As explained above, the satellite power man- 
ager 158 may decide to take away the excess power 
from the current subband and allocate it to another sub- 
l>and and/or beam (see Figs. 3Aand 3B). If the decision 
in step 212 is negative, the flow passes to step 216 at 
which it is determined whether the required subband 
power exceeds the allocated sutitand power. If so, the 
modem controller 159 reduces the desired FL-SNR val- 
ues for the user terminals within the current subband in 
order that the output power level associated with the 
desired FL-SNR values does not exceed the allocated 
power level. 

Optionally, the desired FL-SNR value for each user 
terminal may be reduced unevenly across the subband 
such as to maintain the desired FL-SNR value of each 
user terminal by a proportional amount above the mini- 
mum required FL-SNR value for each user terminal. 
This overpowered condition is reported at step 218 to 
the satellite power manager 158 which will subse- 
quently, if possible, allocate additional power to the sub- 
band in an overpowered state (as explained above in 
connection with Rgs. 3A and 38). In addition, at step 
220, the subband load manager 163 may be instructed 
to direct new calls to and from user terminals in the 
same beam to another subband other than the current 
subband which is operating in an overioaded power 
state. Thus, the subband load manager 163 distributes 
new calls among the subbands in order to avoid over- 
loading of a single subband. The subband load man- 
ager 163 may operate independently in response to the 
feedback r^x»led from the subband power manager 
156 or alternatively under the direct control of the beam 
load manager 161 In the baseband manager 150. 

At step 192 (Rg. 38), the beam load manager 161 
' may determine which subbands within the cunrent beam 
use the least power to direct the subband load manager 
163 to redirect new calls accordingly. The beam load 
manager 161 then assigns a new channel to this under- 
powered subband and relays the channel assignment to 
the subband load manager 163. The subband load 
manager 163 then uses this assignment information to 
establish a new channel with the new user terminal. 

Optionally, at step 222, a handover processor 165 
within the subband load manager 163 may be activated 
to handover one or more active channels from the cur- 
rent subband to a different subband within the same 
t>eam spot. By handing over channels ksetween sut>- 
bands in this matter, the handov^ processor 1 65 shifts 
load between subbands. The handover processor 165 
may be controlled by the subband power manager 156 
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value is compared with the desired SNR value, and the 
difference therebetween is used to determine a new 
power setting command to be passed to the user termi- 
nal 10. The new power setting command identifies the 
power level at which the transmitter 8 must emit RF sig- 
nals along return link RL to ensure that the satellite 
receives such RF signals with sufficient quality. The 
power setting commands are combined with an outgo- 
ing traffic signal within a multiplexor 7 and passed to the 
transmitter 11. The transmitter outputs the RF signal 
containing the power setting commands along the for- 
ward link FL to the terminal 10. A demultiplexer 3 sepa- 
rates the power level commands from the traffic signal 
and passes the power level commands to the transmit- 
ter 8. The transmitter 8 updates its output power based 
on the received level command. According to the fore- 
going loop, the return link power is ntaintained at a 
desired level. 

With reference to Fig. 8. next the discussion turns 
to the process used to automatically control the power 
output levels of the satellite transmitter in forward links 
to all of the associated user terminals. Fig. 8 illustrates 
a satellite 300 which receives RF signals transmitted by 
earth stations 302-306 along fonward feeder links 308- 
312. Each earth station 302-306 includes a baseband 
subsystem 314 which communicates with an antenna 
subsystem 316. The baseband subsystem 314 includes 
a multiplexor 318 which receives RF signals containing 
communications data, command information and the 
like along traffic channels 320 for afl of the user termi- 
nals assigned to the earth station 302. The multiplexor 
318 combines the RF signals along traffic channels 320 
with a reference tone produced by tone generator 322. 
The communications signals and reference tone are 
passed along line 324 to the antenna subsystem 
through an automatic gain controller 326. 

The automatic gain controller 326 is controlled to 
adjust the aggregate output power transmitted by 
antenna 328 along the feeder link 308. The RF signal 
transmitted along forward link 308 is received at a 
feeder link 330 and passed to an automatic gain control- 
ler 332. The gain of the automatic gain controller ( AGC) 
332 is adjusted to force the level of the reference tone 
embedded in the RF signal to achieve a desired level of 
the AGC output. By adjusting the gain at AGC 332. the 
reference tones from each of the multiple feeder links 
are driven to the same power levels while maintains the 
relationships between indrvkfual user power and the ref- 
erence tone. In this way. any differences in propagation 
loss between the multiple feeder links have been com- 
pensated prior to combining the RF signals. The 3-way 
combiner 336 combines the RF signals received at 
feeder links 330. 338 and 340, respectively, and outputs 
same from the antenna 342 which defines the coverage 
region of the satellite. Next, an example is illustrated in 
connection with Figs. 9A and SB to explain the manner 
in which the preferred emt)odiment achieves automatic 
level control. 

Rg. 9A illustrates an exemplary RF signal 350 pro- 



duced by the multiplexor 318. The RF signal 350 
includes communications data for multiple subbands 
352, 354 and 356. The composite signal 350 also 
includes a tone 358 produced by tone generator 322. 
5 The reference tone 358 has an amplitude con'espond- 
ing to a predefined power output level. For instance, the 
tone 358 may correspond to two watts of transmission 
power ultimately transmitted by the satellite 300. The 
composite RF signal 350 is passed through the antenna 
10 subsystem 316 and transmitted from antenna 328. 

During transmission, the RF signal may pass 
through interference, such as clouds, rain and the like. 
Such interference may alter the magnitudes of the sig- 
nals within each subband 352-356 and the magnitude of 
15 the reference tone 358. The received composite signal 
360 in Fig. 9A is representative of the signal received at 
feeder link 330. The received composite signal 360 
includes subband signals 352-356 and a reference tone 
358. The magnitudes of the subband signals and refer- 
20 ence tone have increased, although, the relative ampli- 
tudes between the subband signals 352-356 and the 
reference tone 358 have not changed. The filter 334 
adjusts the gain of the AGC 332 until it outputs the 
received reference tone 368 at an amplitude con'e- 
25 spending to the predefined amplitude associated with 
the predetermined output power level (e.g.. two watts). 
Thereafter, the AGC 332 is controlled to output the 
adjusted composite RF signal 370 (Fig. 9A). As 
adjusted by the AGC 332, the RF signal 370 includes a 
30 referenced tone 378 equal in magnitude to the original 
reference tone 358 output by the multiplexor 318. In 
addition, the amplitudes of the RF signals in subbands 
372-376 equal the amplitudes of the original subband 
signals 352-356. 
35 Accordingly, by combining reference tones preas- 
signed to a corresponding transmission power level, the 
earth station is able to ensure that the satellite receives 
over the feeder link a composite RF signal having a 
desired relation between the tone and traffic signals 
40 transmitted from the earth station. The subsequent sig- 
nal transmitted from antenna 342 corresponds in ampli- 
tude to the anrtplitudes established by the relation 
between subband signals 372-376 and reference tone 
378. Accordingly, by adjusting the amplitude of the sub- 
45 band signals 352-356 at the modems relative to the ref- 
erence tone 358, the earth station is able to control the 
transmission power generated within each subband at 
the antenna 342. 

Rg. 9B further illustrates a second example of the 
50 automatic level control process according to the pre- 
ferred embodiment of the present invention. Rg. 9B 
illustrates an original composite RF signal 380. a 
received composite RF signal 390, and an adjusted 
composite RF signal 400. The original and adjusted 
55 composite signals 380 and 400 include subband signals 
382-384 and 402-404, which are equal in amplitude. 
Reference tones 386 and 406 are also equal in ampli- 
tude. This amplitude relationship is maintained even 
though the received composite RF signal 390 included 
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user terminal type and user terminal position within 
a field of view of a satellite. 

6. A subsystem according to claim 1, wherein said 
beam processor determines fade margins based on s 
signal-to-noise ratio information reported to said 
beam processor from a modem corresponding to a 
cun-ent user terminal. 

7. A subsystem according to claim 1. wherein said io 
baseband manager reallocates power between first 
and second subbands to shift power to said first 
subband which requires additional power and to 
shift power from said second subband which 
includes excess power. '5 

8. A subsystem according to claim 1. wherein said 
beam processor decreases a desired signal-to- 
noise ratio for a corresponding suWDand when a 
corresponding modem indicates that sufficient 20 
power has not been allocated to said subband to 
achieve said desired signal-to-nose ratio. 

9. A subsystem according to claim 1. wherein said 
beam processor reports a subband power demand 2S 
for each subband to the baseband manager. 

10. A subsystem according to claim 1. wherein said 
operations center divides a total power capacity of 

a common satellite between earth stations using 30 
beams of the common satellite. 

11. A subsystem according to claim 1. wherein said 
operations center provides to said earth station 
power limits per subband per beam. 35 

12. A subsystem according to claim 1. wherein said 
operations center reallocates a total power capacity 
of a common satellite between earth stations using 
beams of the common satellite based on feedback 40 
power requirement information from said earth sta- 
tions. 
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